This randomized clinical trial examined the feasibility of low-fat dietary interventions among postmenopausal women of diverse backgrounds. During 1992-1994, 2,208 women aged 50-79 years, 28% of whom were black and 16% Hispanic, enrolled at clinics in Atlanta, Georgia, Birmingham, Alabama, and Miami, Florida. Intervention/support groups met periodically with a nutritionist to reduce fat intake to 20% of energy and to make other diet modifications. At 6 months postrandomization, the intervention group reduced fat intake from 39.7% of energy at baseline to 26.4%, a reduction of 13.3% of energy, compared with 2.3% among controls. Saturated fatty acid and cholesterol intakes were reduced, but intakes of fruits and vegetables, but not grain products, increased. Similar effects were observed at 12 and 18 months. Black and non-Hispanic white women had similar levels of reduction in fat, but the decrease in Hispanic women was less. Changes did not vary significantly by education. While bias in self-reported intakes may have resulted in somewhat overestimated changes in fat intake, the reported reduction was similar to the approximately 10% of energy decrease found in most trials and suggests that large changes in fat consumption can be attained in diverse study populations and in many subgroups.
randomized intervention trials to provide more definitive information (5, 7, 9, 10) .
During the 1980s, the National Cancer Institute initiated feasibility studies of a randomized trials approach to research on fat in cancer etiology and prevention (9, 10) . In the Vanguard Women's Health Trial (11) , women in the intervention group reduced fat consumption from 39 percent of total energy at baseline to 21 percent of energy at 6 months, whereas women in the control group reduced fat intake to only 38 percent of energy, for a difference of 17 percent of energy. The subsequent "full scale" trial (12, 13) obtained an intervention-control group difference of 11 percent of energy. Several trials among women with breast diseases have reported differences of around 10 percent of energy (14) (15) (16) (17) (18) (19) . Although these studies suggested that a trial could potentially provide more definitive information about the health effects of fat, a number of questions remained, including the generalizability of findings to minority and low-income populations (20) (21) (22) .
The primary purpose of the Women's Health Trial Feasibility Study in Minority Populations (FSMP) was to determine whether a reduction in fat intake that had been obtained in the Vanguard Women's Health Trial could be achieved in a larger, more diverse population of postmenopausal women and whether the intervention could produce similar effects among women of different racial or ethnic groups and of different socioeconomic circumstances. This study also examined the intervention's effectiveness in reducing intakes of saturated fat and cholesterol and increasing intakes of fruits, vegetables, and grain products.
MATERIALS AND METHODS

Study population
Details of the study design and methods of data collection have been published elsewhere (23) . Briefly, women aged 50-79 years residing in Atlanta, Georgia, Birmingham, Alabama, and Miami, Florida, were invited to participate in a low-fat dietary modification study for women. Each clinic was to randomize 750 women. Half of the enrollees in Miami were to be Hispanic and half in Atlanta black, while those in Birmingham were to be representative of the metropolitan area by race and socioeconomic status. Eligibility criteria included being postmenopausal, consuming a diet of at least 36 percent of energy from fat, having no history of major chronic diseases, taking no lipid medications, and being able and willing to participate in a 2-year study. In response to recruitment (24) , 19 ,217 women provided initial eligibility information, 10,786 were found ineligible, 6,223 declined to continue, and 2,208 were randomized, 60 percent to intervention.
Because randomization occurred from September 1992 to April 1994, and the trial ended during the period from June to August, 1994 , not all enrolled women could participate for 2 years or provide followup data at clinic visits approximately 6, 12, and 18 months postrandomization. All women were eligible for the 6-month visit, but only 1,490 (67 percent) women were enrolled long enough to provide data at 12 months, and only 593 (24 percent) were eligible at 18 months.
Data collection
Details of dietary assessment instruments, protocols for their use, and their validity and reliability are given elsewhere (23) (24) (25) (26) (27) . In brief, the primary assessment instruments were a 100-item self-administered food frequency questionnaire (FFQ) designed to be sensitive to change in intakes of fat-modified foods and 4-day food records recorded on alternate days. To reduce costs, only half of the food records were analyzed. A 10 percent sample, stratified by race/ethnicity and clinic, completed unannounced 24-hour recalls at 8 and 14 months postrandomization Trained clinic staff measured body weight with a balance beam scale and collected fasting blood specimens. A standardized enzymatic assay (Trinder endpoint reaction) determined total plasma cholesterol in an automated analyzer.
Dietary intervention
The primary goal was reducing total fat intake to 20 percent of energy or less. Additional goals included reducing intakes of saturated fat and cholesterol and increasing intakes of fruits, vegetables, and grain products. Control participants received Dietary Guidelines for Americans (28) and were not counseled.
The intervention was essentially the Vanguard Women's Health Trial program (11, 12, 29) modified to include the additional goals. Nutritionists assigned personal fat gram goals to each participant and delivered the intervention in group sessions that met weekly for 6 weeks, biweekly for 6 weeks, monthly for 9 months, and then quarterly. Each session integrated nutritional and behavioral change strategies. Nutritionists encouraged participants to substitute low fat for high fat foods and recipes, but each participant selected specific changes that met her needs and monitored her own fat intake using tools developed for this intervention. Group members shared experiences, role played, provided support, and helped each other solve problems.
Several elements were enhanced or added to the intervention to meet the needs of a diverse population (21) . Forms and materials were developed for a sixth grade reading level and were translated to Cuban Spanish. Staff members were of varied racial/ethnic backgrounds. Unless sessions were in Spanish, diverse intervention groups were formed. Sessions incorporated regional and ethnic foods and local terminology. Groups reinforced success in changing eating patterns and in bringing interesting low fat dishes to sessions. Nutritionists invited family members to selected sessions and encouraged a friendly group environment. For individuals having difficulty making changes or continuing participation, nutritionists provided individualized attention.
Data analysis
We calculated changes in intake between each baseline and follow-up measurement for each study participant and computed the means for intervention and control groups. Changes in intakes were symmetrically distributed, even though some cross-sectional distributions departed from normality. Analysis focused on the mean difference between intervention and control groups in their dietary changes, the "intervention effect." We used analysis-of-variance to obtain adjusted differences (30, 31) and the mean square error to estimate variances. Adjustment for clinic had almost no effect, so unadjusted data are presented.
To examine the effects in groups defined by race/ethnicity and by education, we used a model with treatment group, either ethnic or education group, and the interactions of the latter with treatment. Education was used as a surrogate for socioeconomic status (23, 32) . Since 98.6 percent of Hispanics were in Miami and 66.1 percent of blacks were in Atlanta, these analyses could not be adjusted for clinic.
Women who did not participate in data collection for one or more clinic visits or did not provide some types of data were retained in analyses for which they did provide the needed information. We excluded one randomized woman who provided screening information but no additional data.
RESULTS
The study enrolled a diverse population (table 1) . Twenty-eight percent were black and 16 percent were Hispanic. Enrollees had varied levels of education, and 16 percent had household incomes below $15,000. The mean age of participants was 60 years, and 9 percent were aged 70 years and above (data not shown). A more detailed description of the study population is published elsewhere (23) .
For most groups defined by race/ethnicity, education, or location, between 75 and 85 percent provided follow-up FFQ data (table 1). In addition, participation did not decline at 12 or 18 months. Participation did not vary systematically by level of education but was lower in Miami, particularly among Hispanics.
Intervention group meetings had similar levels of participation (data not shown). Of the 1,325 women randomized to intervention, 96 percent attended at least one session, and 83 percent attended sessions at 6 or more months. Seventy-nine percent (550 of 693 eligible) attended sessions at 1 year or beyond. Participation was somewhat lower in Miami, particularly among Hispanic women.
Baseline fat intakes averaged 39^40 percent of energy, measured by FFQ, with no significant differences between intervention and control groups (table  2) . Measured by food record, the mean percent of energy from fat was 35 percent (data not shown).
By 6 months, most of the intervention group had made substantial reductions in total fat intakes, although there was considerable variation (figure 1). Controls made much less change.
At 6 months, women in the intervention group had reduced fat intake by 13. o o c Change from baseline to 6 months in the percent of energy from fat, measured by food frequency questionnaire, among intervention and control groups, Women's Health Trial Feasibility Study in Minority Populations, United States, 1992-1994. The change in percent of energy from fat has been rounded to the nearest 5%.
effect on fat was -31.9. Effects on total fat consumption at 12 and 18 months were similar to those at 6 months.
Change was observed for most other goals (table 3) . The net intervention effect on saturated fat at 6 months was -3.5 percent of energy (-10.7 g/day), and the reduction in cholesterol was 78.4 mg/day. Consumption of fruits and vegetables increased by just over half a serving per day, combined. For these goals, effects at 12 and 18 months were similar to those at 6 months. Grain consumption declined somewhat in both groups, and intervention effects were variable over time. Energy intakes also declined in both groups, although the decline was greater among women in the intervention group.
Am J Epidemiol Vol. 149, No. 12, 1999 The effect of the intervention among black women was less than among white women, by 1 percent of energy from fat at 6 months, but the confidence intervals were consistent with similar effects in both groups (table 3) . In Hispanic women, the effect of the intervention on energy from fat was approximately half that in the other groups, primarily because of a large reduction in the control group. For most other targeted changes, the effect of the intervention varied modestly by race/ethnicity, but these differences were not consistent or statistically significant. The only exception was the greater reduction in energy intake among Hispanics.
Intervention effects on fat intake and on other dietary goals varied modestly by level of education, and differences were neither systematic nor statistically significant (table available from authors).
Dietary changes estimated from food records generally paralleled those of the FFQ, except that intervention effects were somewhat smaller (data not shown). The 6-month mean reduction in fat intake for the study population was 11.8 percent of energy in the intervention group and 2.1 percent in controls, for an intervention effect of -9.7 (95 percent confidence interval -10.9 to -8.5) percent. Intervention effects at 12 and 18 months were maintained at -8.4 percent and -8.9 percent, respectively. In black women, the intervention effect on energy from fat was again 1 percent of energy less than that in white women. The effect in Hispanic women was less than that in white women, but it was only 25 percent less rather than 50 percent lower as indicated by FFQ. The mean intervention effects for fat intake appeared to vary modestly and directly with the level of education, but differences were not statistically significant.
Because 15-25 percent of enrollees did not provide data at a given clinic visit, we compared changes at the 6-and 12-month visits by women who were nonrespondents at later clinic visits with changes by women who were respondents at the later visits. In the intervention group, nonrespondents at the later visits had marginally less reduction in fat intake at 6 months than did respondents. However, among controls, there was greater change among nonrespondents, resulting in an intervention effect in respondents that was 2 percent of energy greater than in nonrespondents.
DISCUSSION
In this randomized trial of a low-fat dietary intervention in postmenopausal women, we found that an ethnically and socioeconomically diverse study population could be enrolled, that participation could be maintained at approximately 80 percent during the 18-month trial, and that a net reduction in reported total fat consumption of about 10 percent of energy could be achieved and maintained. Substantial reductions in saturated fat and cholesterol intakes and small increases in fruit and vegetable consumption, but not grain consumption, were also achieved. Intervention effects did not vary between black women and white women or by level of education, but both participation and change in fat consumption were lower for Hispanic women.
The intervention effect we observed on percent of energy from fat at 12 months was less than the 15 percent of energy (by FFQ) or 17 percent of energy (by food record) reported in the Vanguard Women's Health Trial (11, 12, 29) but was the same as the 11 percent of energy found in the full-scale trial (12, 13) . The reduced net effects observed in the full-scale and FSMP trials were due to both less reduction in the intervention groups and more reduction in controls. By FFQ, reductions in percent of energy from fat in the intervention groups were approximately 16, 13, and 14, respectively, for Vanguard, full scale, and FSMP, whereas they were 1, 2, and 3, respectively, for controls, for differences of-15, -11, and -11.
Some of the differences in results from the three Women's Health Trial trials may be related to differences in study methods and participants. Vanguard participants had to have two breast cancer risk factors, that trial was conducted when there was less public awareness of fat consumption, the number of participants was less than one fifth of the numbers in the later trials, and the pace of randomization was slower. These characteristics may have resulted in a more highly selected and motivated group, which is also suggested by the lower overall level of nonresponse. Other differences do not correspond with outcomes. The full-scale study population was similar demographically to that of Vanguard, and no subgroup in FSMP had intervention effects comparable to those of Vanguard participants. Full-scale and Vanguard trials were implemented at the same clinics. In each trial, the baseline percent of energy from fat was approximately 39 percent. The FSMP but not the full-scale trial broadened intervention goals and methods. The FSMP trial's 32-g mean fat gram goal was lower than the 38-g goals of the others. Intervention group attendance after the first session was similar among the trials, and self-monitoring tools recorded similar levels of goal attainment.
Intervention effects in the FSMP trial were similar in magnitude to those of several trials among women with breast diseases, primarily breast cancer, which reported intervention-control differences of 7-12 percent of energy from fat (14) (15) (16) (17) (18) (19) .
Two important findings in the FSMP trial were that the effects of a low-fat intervention did not vary imporAm J Epidemiol Vol. 149, No. 12, 1999 tantly between black women and white women or by level of education. To our knowledge, this is the first study in women to demonstrate this. One study in men (20, 33) found that participation and reduction of fat intakes (5.8 percent of energy) among black men were only marginally different from those of white men, despite substantial differences in socioeconomic circumstances. The literature on nutrition-related interventions in minority and/or low income populations notes a number of barriers to success of programs developed for middle class white populations and makes a number of recommendations for improvements (20, 21) . Since most of the suggestions seemed appropriate for a socioeconomically and culturally diverse group of women, we incorporated many of these, described in Materials and Methods, and some may have contributed to the effectiveness of this intervention.
In contrast to the relative success in black and less educated populations, the intervention was less effective among Hispanics. In Miami, recruitment was delayed by Hurricane Andrew in August 1992 and then was accelerated, potentially enrolling a less select population, as suggested by the lower levels of participation. In addition, the intervention may have been less well adapted for this Cuban American population.
The FSMP trial had a number of strengths. The study population was large and diverse enough for a comparison of the effectiveness of the same intervention in specific race/ethnic and in educational groups. The intervention was based on current nutritional and behavioral principles, had been previously tested in multicenter trials, and was adapted for a diverse population. It included many commonly recommended dietary goals in addition to total fat. It used a variety of methods to assess dietary change.
Several limitations to the study are to be acknowledged. It was not designed to examine the maintenance of changes past 18 months. In addition, the smaller sample sizes at 12-and 18-month visits reduced the precision of the measured intervention effects, as indicated by wider confidence intervals, thus raising the possibility of bias in effects at later visits if women who were recruited early into the study differed from those recruited later. In addition, the intervention had no quantitative objectives for goals other than total fat.
Other limitations, including nonresponse, require more discussion. Assuming identical changes in fat consumption among nonrespondents in both intervention and control groups, we could correct the 6-month intervention effect of-11 percent of energy to approximately -8.8 percent ((0 x 20 percent) + (-11 x 80 percent)). Given that the control group received no intervention and that 96 percent of the intervention group did, it is more reasonable to assume greater change in the intervention group. Using the 2 percent of energy from fat difference in intervention effects, we found that, when comparing later visit nonrespondents with later visit respondents, the corrected intervention effect is -10.6 percent. This suggests that nonresponse may have had little impact and that a 10 percent intervention effect may not be unrealistic.
Another limitation involves errors in reporting dietary intakes. As in all similar trials, asking study participants to modify and then report their diets can result in overestimation of change. To partially address this issue, the study used three diet assessment methods. FFQ and food record measurements of intervention effects generally agreed, although changes estimated by food record were somewhat smaller than those by FFQ, and differences between Hispanics and non-Hispanics in intervention effects were somewhat less by food record than by FFQ. In a further comparison of FFQ and food record data (27) , we found that correlations between FFQ and record intakes at baseline were lower for black women than for Hispanics and whites and varied inversely with the level of education. However, the correlations increased for all groups by the 6-month visit so that differences by group were smaller and not significant. Mean intakes measured by food record were lower than by FFQ. Differences between records and questionnaire were less for black women than for white or Hispanic women but did not vary by the level of education. These inconsistencies between the FFQ and food record measurements probably contributed to the modest differences between the two methods in intervention effects. The 24-hour recall data indicated that the difference between intervention and control groups in fat intake was 6-7 percent of energy at 8 and 14 months instead of the 10-14 percent at 6 and 12 months measured by FFQ and food record in the sample of women completing the recalls. However, the smaller difference by 24-hour recall was largely attributable to very low fat intakes in controls at one clinic. For this reason and because of the smaller sample size, wider confidence intervals, and inability to examine change over time with the 24-hour recall data, we place more weight on the food record and FFQ findings. The intervention effects measured by food record and by FFQ were remarkably consistent. Nonetheless, all of these measures are inexact, and the possibility of unintentional bias cannot be excluded.
Both weight loss and plasma total cholesterol have been used to indirectly evaluate self-reported changes in total fat intake (11, 13, 19, 29) , although such comparisons are not always enlightening. In the FSMP trial (with weight loss measured in pounds (lb), whereby 1 lb equals 0.453592 kg), weight loss in the intervention group averaged 3.9, 4.6, and 4.6 lb at 6, 12, and 18 months, respectively, compared with 0.6, 0.8, and 2.0 lb in controls, whereas reductions in energy intake were around 500 kcal in the intervention group and 200 kcal in controls, depending on the month of follow-up and method of diet assessment. The intervention-control differences of about 1.5-2.5 lb fall in the range reported in the earlier Women's Health Trial studies, which at 12 months were about 1.5 lb in the full-scale trial and about 6 lb in the Vanguard (13) study. Weight loss trials that, unlike the FSMP trial, encourage energy restriction and recruit women motivated to lose weight report quite variable effects at similar levels of energy reduction. One recent study (34) , for example, reported a 1-lb weight loss at 12 months with reported energy reductions of 200-^-00 kcal/day, and another (35) reported a 13-lb loss at 12 months with a prescribed reduction of 600 kcal/day. In the FSMP trial, both trial groups seem to have underestimated energy intakes, more so at follow-up. The two-to sixfold greater weight reduction in the intervention group compared with that in the controls is consistent with the two-to threefold difference in energy intake reductions, suggesting no bias by the intervention group in overreporting dietary change. However, since substitution of low fat for high fat foods was one source of the difference in energy intakes, and since reduction in fat intake may result in weight loss independently of energy reduction (36) , the intervention group may have overestimated change in fat consumption relative to controls, although the certainty and degree of overestimation are unclear.
In the FSMP intervention group, mean plasma total cholesterol was reduced by 7.8, 8.4, and 12.3 mg/dl at 6, 12, and 18 months, respectively, and in controls by 3.3, 4.9, and 11.9 mg/dl, so that in contrast to the Vanguard Women's Health Trial (11) but like the fullscale trial (13) , by the end of the follow-up, there was no significant difference between the two groups. The decline in the intervention group was consistent with the 6-to 24-mg/dl reductions reported in the Vanguard trial and in other studies in which total fat intake was reduced by 15-20 percent of energy with proportional reductions in saturated fat and cholesterol intakes (11) . However, the degree of change in plasma cholesterol in the control group, particularly the change at 18 months, was unexpected. Given the higher-than-average baseline cholesterol levels in these controls (225 vs. 219 mg/dl), part of the large decline at 18 months in that group may be explained by regression to the mean. This group also lost more weight. However, neither factor seems to fully explain the unusual decline in the control group, and neither do other factors, such as changes in fatty acid intakes, use of lipid-lowering medications, and laboratory drift. Given the nonsignificant intervention effect on plasma cholesterol at 18 months, it may be that the intervention effects for intakes of saturated fat and cholesterol and, therefore, total fat may have been less than reported. Again, the certainty and degree of overestimation are unclear.
In 1993, the National Institutes of Health began the Women's Health Initiative, a 12-year clinical trial that includes a component to determine whether dietary change, including a low fat diet, may contribute to the primary prevention of breast cancer as well as heart disease and colon cancer in postmenopausal women (6, 7, 10 ). An important question from earlier low-fat trials research was whether substantial changes in fat consumption could be obtained in diverse populations. Our results suggest that the level of self-reported change observed in most other trials, approximately 10 percent of energy from fat, can be achieved in a large trial among postmenopausal women of diverse backgrounds. Because of an unknown degree of bias in self-report, the observed reduction of 10 percent of energy may somewhat overestimate the actual intervention effect. Unfortunately, because there are no clearly unbiased methods by which to assess change and no validated and commonly accepted biologic markers of total fat intake, we are unable to estimate actual change. The best available information is that reported by the women participating in this study on their food records and food frequency questionnaires. Although the FSMP trial did not achieve change of the magnitude observed in the Vanguard Women's Health Trial and the actual overall level of change may have been less than 10 percent, the study's findings indicate that large intervention effects may be anticipated in a diverse study population and in most subgroups defined by race/ethnicity and education.
